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21 Claims. (C. 179-115.5) 

The invention relates to loudspeakers such as are used 
in connection with radio and television receivers and rec 
ord players, and has particular reference to those speakers 
that are designed to radiate relatively large amounts of 
power at very low frequencies. 

Prior to my present invention, it has been impracticable 
to use desirably light-weight, thin, flexible sound radiat 
ing diaphragms in low frequency loudspeakers due to the 
deformation which occurs under the forces arising from 
normal vibration. These forces may arise from air pres 
sure conditions or from inertia of the diaphragm. It 
therefore has been the practice to employ comparatively 
heavy, rigid diaphragms which usually have been conical 
in form and made of stiff paper. 

Since diaphragm deformation usually has been caused 
by air pressure conditions, brief explanation of this cause 
may be justified at this point. 
When reproducing low frequency sounds, a large vol 

ume of air must be displaced at each cycle. This re 
quires, in a direct radiator speaker, a diaphragm of large 
area and substantial amplitudes of vibration. In order 
to prevent radiation from one side of the speaker from 
cancelling that from the other side, it is necessary to use 
Some type of baffle or enclosure. I prefer to completely 
enclose one side of the diaphragm. However, if an en 
closure of moderate size is used with a diaphragm of large 
area, this results in relatively high air pressure differences 
being developed between the two sides of the diaphragm 
and exposure of the latter to correspondingly high forces 
which, in speakers of conventional construction, tend to 
bend or buckle the diaphragm. That is why it has been 
Inecessary in the past to make the diaphragm sufficiently 
thick and heavy to withstand the forces to which it is 
subjected in operation, especially those reversing stresses 
set up when there is a higher air pressure on one side of 
the diaphragm and this higher pressure condition alter 
nately shifts from one side to the other with the normal 
vibratory movement of the diaphragm. 

Obviously, a heavy diaphragm and particularly one of 
rigid structure does not possess the low inertia and sensi 
tivity to sound vibrations desired for use in a low fre 
quency speaker. 

Actually, the most efficient diaphragm for a low fre 
quency speaker, provided it can be maintained in com 
pletely distended form at all times, is one of semi-spherical 
or dome shape and made of very thin, light, inelastic ma 
terial. Therefore, it is the primary object of the present 
invention to provide a loudspeaker structure which makes 
it practicable for the first time to employ a diaphragm of 
this most desirable type. 

Briefly, I attain that object by mounting the diaphragm 
with one side arranged to radiate into a completely en 
closed air space and the other side facing the outside 
atmosphere, and by providing means to insure constant 
exertion against the concave side of the diaphragm of air 
pressure slightly in excess of that to which the convex side 
is subjected. Due to these vital provisions, the thin 
diaphragm will be maintained at all times in its completely 
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distended dome shape and free from any reversing stresses. 
Means is provided also to cause the diaphragm to vibrate 
as a whole under the influence of the driving means 
therefor. 
Due to the fact that the transducer which drives the 

diaphragm causes the latter to vibrate in opposite direc 
tions from a mid-position that, in conformity with the 
Structural design characteristics of the loudspeaker instru 
ment, would be substantially stabilized if it were not for 
the effects of air pressure variations, it is desirable that 
the average position of the diaphragm under the influence 
of pressure changes shall coincide as closely as practicable 
to its designed vibrational mid-position. it is considered 
to be in the interest of efficient operation to preserve the 
stability of the design characteristics by striving for proper 
coordination between the vibrational mid-position of the 
diaphragm and its average position during cyclic displace 
ments as caused by pressure variations. It, therefore, is 
a further object of the invention to provide means for 
automatic regulation of the air pressure differential in a 
manner to prevent objectionable displacement of the dia 
phragm from its normal vibrational mid-position at any 
time despite the disturbing tendencies of changes in am 
bient temperature and atmospheric pressure. 

Other objects, features and advantages of the invention 
will become apparent as the following specific description 
is read in connection with the accompanying drawings, in 
which; 

Fig. 1 is a semi-diagrammatic longitudinal vertical sec 
tional view of a simplified embodiment of the invention; 

Fig. 2 is a similar view of a modified form of the 
invention; and 

Fig. 3 is a similar view of a further modification. 
Referring new in detail to the drawings, wherein like 

reference characters designate corresponding parts in the 
several views, a simplified embodiment of the improved 
loudspeaker is disclosed in Fig. 1. 
There are certain conventional structural components 

of the loudspeaker that are common to all three illustra 
tive embodiments and they will be described first. Pri 
marily, there is the rigid enclosure, or housing, 8 which 
confines an enclosed air space 1. The frcnt wall of 
enclosure EG has a preferably circular opening 2 in which 
the sound reproducing diaphragm 3 of the speaker is 
mounted in marginally sealed juncture with the edge of 
said opening by a surround S4, which latter is of a con 
struction to resist radial displacement of the diaphragm 
from centered position bit to permit free axial vibration 
under the influence of driving unit, or transducer, 5. 
In the embodiment represented in Fig. 1, surrorind E4 
is of corrugated construction in accordance with conven 
tional practice. Transducer AS preferably comprises the 
usual magnetic structure 6, which is supported rigidly 
inside enclosure 9 by suitable means such as bracket 27, 
and voice coil 8. The latter is separately supported in 
the gap between poles of magnetic structure A6 by the 
conventional, axially yieldable, annular centering mem 
ber 19, which, like surround 4, preferably is of cor 
Tugated construction. 
The operation of transducer 15 is quite similar to that 

of those employed in conventional speakers. A varying 
current from any suitable source, such as a phonograph 
and its amplifier (not shown), is passed through voice 
coil 8. Because coil 8 is in a strong magnetic field, 
a force is created which will drive the coil in axial motion 
corresponding to the electrical current vibrations. By 
mechanically connecting coil i8 to diaphragm 3 in a 
sufficiently rigid manner, the latter will be caused to 
vibrate as a whole and sound will be radiated from its 
surfaces. This connection may be accomplished in the 
manner illustrated, which includes the attachment of coil 
18 rigidly to an axially centered rod 20 through the 
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medium of cup-shaped member 21 or other equivalent 
means. The rear end of rod 20 is shown as being con 
nected to the periphery of diaphragm 13 by plural cir 
cumferentially spaced tension members 22, which may be 
wires or cords, whose rear ends may conveniently be 
affixed to a concentration ring 23 carried by said rod. 
To complete the assembly and assure proper tension in 
members 22 for a rigid connection between rod 20 and 
diaphragm 13, spring means 24 is added to exert constant 
rearward tensioning pull on rod 20. In the embodiment 
of the invention illustrated in Fig. 1, spring means 24 
is in the form of a simple compliant helical spring hav 
ing one end attached to the rear end of rod 20, as at 25, 
and its opposite end anchored in the rear wall of en 
closure 0, as at 26. Centering member 19 serves to 
hold rod 28 and supported coil 18 in concentric relation 
to transducer 5. 
As already stated in the introductory part of the speci 

fication, it is preferred to use the highly efficient dome 
shaped diaphragm shown in Fig. 1 instead of the usual 
conical diaphragm. This dome-shaped diaphragm 13 
may be made of a thin, flexible, inelastic membrane for 
the functional advantages to be gained thereby. In fact, 
it has been found that draftsman's tracing paper is quite 
suitable for this purpose. 
Selected type requires means to maintain its natural form 
at all times. For this purpose, pumping means 27 has 
been provided to pump air into enclosure 10 from the 
cutside atmosphere. The pressure applied in this way to 
enclosed space 11 tends to make diaphragm 13 assume 
that shape which encloses the greatest volume, i. e. its 
naturally semi-spherical, completely distended shape. It 
may be mentioned at this point that an important ad 
vantage of tie pressure-distended condition of diaphragm. 
i3 is the fact that a large radiating surface may be con 
structed of very much less material and hence of much 
lighter weight than one which must be capable of with 
standing bending loads. 

in accordance with my invention, it is intended, as 
previously expressed, that there shall be a constant dif 
ference between the pressure exerted on the inner surface 
of diaphragm 3 and that to which the outer surface is 
subjected (atmospheric pressure). This is to insure that 
there shall be no reversing stresses imposed upon dia 
phragm 13. Consequently, because diaphragm 13 of 
the loudspeaker disclosed in Fig. 1 is outwardly convex 
and inwardly concave, it is necessary in this particular 
embodiment to maintain an internal pressure that is 
slightly above atmospheric pressure. 

It also is my purpose to regulate the internal air pres 
Sure so that the average balanced position of diaphragm 
13 under the opposed forces of spring means 24 and the 
air pressure differential shall coincide as closely as pos 
sible to the midposition between limits of its vibrational 
excursions when being driven by transducer i5. De 
spite the restraining effect of spring means 24, diaphragm 
13 would be forced axially forward far beyond the desired 
average position if pumping means 27 were permitted to 
operate continuously. Therefore, it is preferred to uti 
lize an electrically operated pump that can be controlled 
readily to stop the pumping action when diaphragm 13 
has reached its desired average position. To this end, 
the electric circuit 28 of pumping means 27 has been 
provided with a normally closed Switch 29 comprising 
Stationary contact 30 and a movable contact 31 that will 
be forced away from contact 30 to open the circuit by 
actuating means, such as the arm 32 provided on rod 20, 
when the desired forward displacement of diaphragm 13 
has been reached. 

Due to the likelihood that pumping means 27 cannot 
be stopped at precisely the instant diaphragm 13 reaches 
its vibrational mid-position, means has been added to 
reverse the direction of displacement of the diaphragm 
when that has been excessive. That means is consti 
tuted by a valved atmospheric vent 33 provided in a wall 

However, a diaphragm of this : 
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4 
of enclosure 10. Vent 33 produces a small but steady 
leakage of air from enclosed space 11 in order to restore 
diaphragm 13 to its vibrational midposition. If the retro 
grade movement of diaphragm 13 becomes too much, 
actuating arm 32 will permit movable contact 31 of 
switch 29 to engage stationary contact 30 and thereby 
again close circuit 28 and cause pumping means 27 to 
resume operation. It is quite likely that pressure-dis 
placement of diaphragm 13 will proceed in continuous 
cycles of small magnitude forward and rearward of its 
average position, but this displacement will not be seri 
ous because the pumping cycles will be so much slower 
in frequency than the lowest frequency of sound, which 
is several cycles per second. - 

Instead of a valved vent 33, the leakage means could 
take the form of a valve controlled by another switch con 
tact (not shown), but that should not be required. In 
fact, the unavoidable leakage in any loudspeaker that 
occurs through diaphragm diffusion and permeable joints 
probably would suffice to return the diaphragm auto 
matically from excessive forward displacements. 
Whenever a reduction in air pressure within enclosure 

10 occurs from any cause other than the intentionally 
controlled leakage produced by valved vent 33, such for 
instance as may be caused by changes in ambient tem 
perature or in atmospheric pressure, switch-actuating 
arm 32 will be moved rearward until it closes circuit 28 
and causes pumping means 27 to bring the internal pres 
sure back to normal. 
The operation of the simplified form of my improved 

loudspeaker will now be described. Even while the com 
munications circuit in which voice coil 18 is connected 
is not transmitting signals, pumping means 27, switch 29 
and valved vent 33 will be functioning automatically to 
maintain the constantly distended shape of diaphragm 13. 
This means that diaphragm 13 will be displaced forward 
and backward in relation to an average position that 
closely approximates the diaphragm position in which 
voice coil 18 is centered between the magnetic poles of 
transducer 15 and in which surround 14 and centering 
member 19 are designed to be under no axial tension in 
either direction. This position may be termed the “de 
sign vibrational mid-position” or just the "vibrational 
mid-position,” because, when signal transmission occurs, 
vibrational excursions of diaphragm 13 will commence 
and end at this position due to the design characteristics 
of the mounting arrangement. Although virtually syn 
onymous, the terms “mid-position' and "average posi 
tion' have been used to differentiate between the re 
spective design electrically vibrational mean position and 
the mean position of pressure-produced displacements. 
When the communications circuit again becomes oper 

ationally alive, the transmitted signals will cause voice 
coil 18 to vibrate in opposite directions from its mid 
position. Due to the rigidity of tension members 22 
under the pull of spring means 24, diaphragm 13 will vi 
brate in synchronism with voice coil 3. Consequently, 
sound waves will be radiated by diaphragm 13. More 
over, because of the extreme lightness of diaphragm 13 
and the unusually large area presented by its semi-spher 
ical shape, high fidelity reproduction of sounds of low 
frequency will result. 

Referring now to Fig. 2 of the drawings, it will be 
observed that the loudspeaker construction illustrated 
therein differs from that disclosed in Fig. 1 principally 
in the type of spring means and pumping means employed 
to preserve the desired distended form of diaphragm 13. 
A less important modification is the simplified form of 
surround for the diaphragm, which cccupies the arc of 
a single circle instead of being corrugated, it having been 
discovered that the new means of maintaining diaphragm 
13 in distended condition results in a centrally balanced 
suspension that makes corrugations unnecessary. It is 
practicable to make surround 14 of the same material 
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as diaphragm 13, such as thin paper, and to make these 
two components integral in structure. 

Spring means 24' adopts the structure and functional 
operation of the "negative stiffness' device disclosed in 
my copending application which bears the Serial Number 
479,902 and was filed January 5, 1955. In its applica 
tion to the present invention in substitution for the simple 
helical spring 24 disclosed in Fig. 1, the negative stiff 
ness type of spring means 24' serves to offset the nor 
mal or "positive' stiffness produced by the enclosed air 
volume 11 acting on diaphragm 13. When, in the course 
of normal operation, diaphragm 13 is caused to move in 
a vibratory manner by transducer 5, pressure changes 
due to this motion occur within the enclosed air volume 
11. These pressure changes are to be distinguished from 
those produced by cyclic operation of pumping means 27. 
For example, when diaphragm 13 moves in its 1earward 
excursion from mid-position toward enclosed volume 1i, 
the air therein is reduced in volume and the pressure 
rises in accordance with well known laws. This pressure 
increase, which is added to the pump-created pressure 
value at the moment, reacts upon diaphragm 3 to pro 
duce a force that opposes movement thereof and there 
fore results in reduced effectiveness of sound radiation, 
particularly at low frequencies. This effect is well known 
in the art. 

In a manner which will be more fully understood after 
the physical structure of the negative stiffness type of 
spring means 24 has been described, this spring means 
is adapted to serve in a triple capacity. While maintain 
ing the rigidity of the connection between diaphragm 13 
and rod 20 by keeping tension members 22 taut, it also 
offers general opposition to the pump-created pressure 
effect on said diaphragm, and, as its third function, par 
tially cancels the change in pressure, or positive stiffness, 
within enclosed volume 11 resulting from axial vibrational 
motion of the diaphragm. 
From the several species of the negative stiffness de 

vice disclosed in my previous application cited above, 
have chosen for my present purpose the one represented 
in Fig. 2 of the present disclosure, but it is to be under 
stood that I am not to be restricted to this particular 
embodiment. 
As shown in Fig. 2, a rigid bar-like member 34 is 

mounted by means of supporting bracket 35 on the rear 
wall of enclosure 10 to extend diametrically with respect 
to the axis of rod 20. This member 34 has knife-edge 
bearings 36-36 at its opposite ends to engage transverse 
inwardly facing grooves 37-37 provided in the rear end 
portions of a pair of evers 33-38 which extend parallel 
to the axis of rod 20 on diametrically opposite sides 
thereof. The front end portions of levers 38-38 have 
similar inwardly facing transverse grooves 39-39 for 
engagement with the knife-edge bearings 40-49 at the 
respective outer ends of a pair of toggle struts 41-4 
whose inner ends have knife-edge bearings 42-42 to 
engage transverse grooves 43-43 provided in an en 
larged head 44 formed on the rear end of rod 28. For 
wardly presented arms 45-45 extend rigidly from sup 
porting bracket 35 in outwardly parallel relation to levers 
38-38 and are located in the common axial plane of 
said levers and rod 20. Compression springs 45-46 
respectively are interposed between each corresponding 
arm 45 and the corresponding lever 38 to maintain the 
latter in secure engagement with the respective knife-edge 
bearings 36 and 40 of corresponding member 34 and 
toggle strut 41, and also to exert radially inward forces 
on said lever. In this manner, both toggle struts 41-42. 
are continually subjected to inward forces in directions 
radial to the axis of rod 20. 
Whereas in my prior invention disclosed in application 

Serial Number 479,902, the toggle struts are designed to 
extend precisely radial to the rod which corresponds to 
rod 20 of my present disclosure when the sound radiat 
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6 
tive arrangement of the respective grooves 39-39 and 
43-43 in levers 38-38 and head 44 of rod 20 in the 
present invention is such that toggle struts 41-41 are 
inclined with their radially inner ends disposed axially 
in rear of their outer ends. As a result of this arrange 
ment, springs 46-46 constantly exert axial components 
of their forces rearward on rod 20 and these force com 
ponents will be transmitted to diaphragm 13 through the 
medium of tension members 22-22. Consequently, each 
time diaphragm 13 moves in one of its excursions rear 
ward of its vibrational mid-position, the components of 
the forces imposed upon rod 20 will cancel part of the 
"positive stiffness' exerted by the air pressure within en 
closed volume 11 due to the fact that the said force com 
ponents are acting in the same direction as the instant 
diaphragm movement. Due to the changing degree in 
inclination of toggle struts 41-41 as diaphragm 13 moves 
progressively further rearward in its excursion, the can 
celling components of the forces exerted by springs 46 
46 will be proportionate to the degree of diaphragm dis 
placement and will continually balance the forces ex 
erted by air pressure, or positive stiffness. 
The pumping means 27 to maintain the desired pres 

sure differential between enclosed volume 11 and the at 
mospheric side of diaphragm 13 differs from the corre 
sponding pumping means disclosed in Fig. 1 in that it 
is adapted to reduce the internal air pressure by positive 
valving action whenever diaphragm 13 becomes so far 
displaced outward that it is caused to vibrate about a 
position further away from the enclosed volume than its 
design mid-position. To this end, electrically operated 
pump 47 and valve 48 are provided. Pump 47 and valve 
48 are respectively connected in parallel branches 49 
and 58 of an electric circuit supplied by source 51. A 
movable switch contact 52 connected in common to both 
circuit branches is shifted by extensive rearward and for 
ward movements of rod 20 under the influence of air 
pressure into alternate engagement with stationary con 
tacts 53 and 54 that are included respectively in the cir 
cuit branches 49 and 50. 

In order to prevent undesired circuit-closing operation 
of movable switch contact 52, such as otherwise could 
be caused by the opposite thrusts of rod 20 due to sound 
radiating vibration of diaphragm 13, said movable con 
tact is operatively connected to the rear end of said rod 
through the medium of a preferably helical spring 55. 
This spring 55 is interposed between a cupped disk 56 
affixed to rod 20 and a block-like member 57 of consider 
able mass, which is attached to the free end of movable 
contact 52. The inertia of member 57 is such that it 
will move forward or rearward only in response to the 
slow, steady displacements of rod 20 which result from 
air pressure changes and thus will not be affected by sound 
vibrations of diaphragm 13. 

Movable switch contact 52 normally will be in in 
operative position substantially midway between station 
ary contacts 53 and 54 whenever diaphragm 13 is in its 
design vibrational mid-position. In the event that the 
pressure differential, or ratio of inside pressure to atmos 
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pheric pressure, becomes undesirably low, movable 
switch contact 52 will move rearward into engagement 
with stationary contact 53, whereupon the branch electric 
circuit 49 of pump 47 will be closed and the latter will 
start operating to restore the pressure differential to its 
desired ratio. When this occurs, contact 52 should have 
reached its neutral, open-circuit position represented in 
Fig. 2. If the internal pressure should rise sufficiently 
to move diaphragm 13 forwardly beyond its vibrational 
mid-position, movable contact 52 will engage stationary 
contact 54 and thereby close circuit branch 50 of valve 48 
to open the latter to the atmosphere. As a result of this 
action, valve 48 will exhaust air from the interior of en 
closure 10 until diaphragm 13 has receded to its desired 
mid-position. These cycles of pressure regulating pump 

ing diaphragm is in its vibrational mid-position, the rela- 75 ing and valving actions will be going on continually and 
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yet slowly as compared with the higher frequency sound 
vibrations of diaphragm 3. 

In the two illustrative embodiments of the invention 
disclosed in Figs. 1 and 2, the respective sound radiating 
diaphragms 13 have been outwardly or forwardly, bulg 
ing and have been maintained in distended condition by 
having the air pressure in enclosed volume 1 always 
slightly higher than the opposed pressure of the atmos 
phere. In Fig. 3, a third embodiment is shown wherein 
the diaphragm 13' is in the conventional form of a cone 
but made of desirably light material. This diaphragm 
13' is arranged with its convex side facing inward, or 
rearward, toward enclosed volume 11. The same ad 
Vantages of a large diaphragm of low mass, which is not 
Subjected to bending stresses, may be obtained by op 
erating with the air pressure inside the enclosure below 
atmospheric pressure. In this case, the stiffness contri 
buted by the enclosed air volume 11 is less than in the 
usual situation prior to the present invention in which 
atmospheric pressure existed on both sides of the dia 
phragm. 

Structurally, the loudspeaker represented in Fig. 3 dif 
fers from the embodiments disclosed in Figs. 1 and 2 
principally in the reversed arrangement of its component 
parts. Transducer 15 is now mounted by bracket 17 
on the Tear wall of enclosure 10 instead of on the front 
Wall. Conical diaphragm 13' is located entirely inside 
the opening 12 in the front wall of enclosure 10, and sur 
round 14' is inwardly convex instead of being outward 
ly convex as in the embodiment disclosed in Fig. 2. The 
apical portion of conical diaphragm 13 is joined in a 
hermetically sealed manner to an impervious cup 21 on 
the rear end of rod 20. This cup 21 is rigidly united 
With centering member 19 and voice coil 18 and co 
operates with Surround 14' in completing the sealing 
of front wall opening 12. 

Pumping means 27' of this third embodiment of the 
invention is intended to operate continuously in a direc 
tion to exhaust air from enclosed space 11 instead of to 
introduce air as in the previously described embodiments. 
A modified valve means 33, which will be described in 
detail presently, serves to admit air to enclosed Space 
1 at appropriate intervals to counteract the reduction 
of pressure in said space to an excessive degree by pump 
ing means 27’’. 

Rod 20 in this third illustrative embodiment is mount 
ed for longitudinal reciprocation in apertured member 
58 supported by a spider frame 59 that is affixed to the 
front Wall of enclosure 10 in covering, but not Sealing, 
relation to opening i2 therein. Adjacent to its rear end, 
rod 20 has a cupped disk 60. Spring means 24' is inter. 
posed between this disk 60 and apertured member 58 and 
is designed to offer the desired resistance to rearward 
pressure on diaphragm 13' by the atmosphere. 
The valve means 33' to which brief reference has been 

made includes a fixed seat 61 provided at one end of an 
air conduit, or tube, 62, which has its opposite end in 
communication with the interior of enclosure 10. Seat 
61 of valve means 33 faces rearward toward enclosure 
10 in axial parallelism with rod 20. A movable valve 
member 63 is mounted in operative relation to valve 
Seat 61 by Supporting means such as the Swinging arm 
64 which has its lower end pivotally connected to frame 
59. The upper end of arm 64 is affixed to a block 
like member 65 of considerable mass which is Supported 
by rod 20 through the medium of a Spring 66 of pref 
erably helical form. The inertia of member 65 is such 
that it will move forward and rearward only in response 
to the slow, steady displacements of rod 20 which result 
from air pressure changes and will not be affected by 
Sound vibrations of diaphragm 13. 

Valve 33' will be in closed condition when pumping 
means 27' is idle but will commence to open as rod. 20 
is slowly moved rearward due to the effect of atmospheric 
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8 
pressure on diaphragm 13 as the air pressure in enclosed 
Space 11 is reduced by said pumping means after it has 
commenced to operate. The construction of valve means 
33' is such that, when it is in intermediate position in its 
opening movement, the flow of air into enclosed space 
11 will become equal to the volumetric displacement of 
pumping means 27'. In other words, air will enter at 
the same rate as it is being exhausted. It would be 
desirable, if the opening motion of valve means 33 could 
be stopped at precisely the moment when diaphragm 13' 
has attained its design vibrational mid-position, so as to 
Stabilize the pressure differential, but that is not possible. 
Consequently, valve 33' will continue to open until more 
air is being admitted than can be exhausted by constant 
Speed pumping means such as employed in this instance. 
As a result, the pressure within enclosed air space 11 will 
build up until valve means 33' approaches closed condi 
tion, whereupon the changed pressure differential will 
cause re-opening of said valve means. These alternating 
actions of valve means 33' will produce cyclic displace 
ment of diaphragm 13' similar to that occurring in the 
embodiments of the invention disclosed in Figs. 1 and 2. 

In the embodiment of the invention disclosed in Fig. 3, 
Spring means 24' constitutes the principal means to offer 
general resistance to axial displacement of diaphragm 13' 
by rearward exertion of air pressure thereupon. Instead 
of using the unsymmetrical negative stiffness device dis 
closed in Fig. 2 to cancel positive stiffness which opposes 
vibratory movements of diaphragm 13", a symmetrical 
negative stiffness device 67 has been incorporated in this 
third embodiment. This device 67 serves to provide a 
Constant component of axial force to counterbalance the 
effect of unequal pressure on diaphragm 13 as well as to 
cancel a portion of the positive air stiffness. In this 
instance, toggle struts 41-41', which are force-loaded 
by Springs 46'-46' through the medium of levers 
45-45", are disposed in direct radial relation to rod 20 
when in dead-center condition, which corresponds to 
the design vibrational mid-position of diaphragm 13. 
Therefrom, when diaphragm 13 moves either Way from 
this position in its vibrational excursions, axial force com 
ponents will be exerted by springs 46'-46 on said dia 
phragm in proportion to the degree of displacement away 
from mid-position. - 

It will be understood that it is intended to cover all 
changes and modifications of the examples of the inven 
tion herein chosen for the purpose of illustration which 
do not constitute departures from the spirit of the inven 
tion and scope of the appended claims. 

I claim: 
1. A loudspeaker comprising: structural means en 

closing an air volume; a concavo-convex substantially 
tensionally inelastic sound reproducing diaphragm resil 
iently mounted marginally for axial vibration as a unit 
with one side radiating into the enclosed air volume and 
the opposite side radiating into the outside atmosphere; 
transducer means directly connected by substantially ten 
sionally inelastic means to said diaphragm to drive the 
Same in excursions from the design mid-position of its 
Sound vibrations; and means to maintain a constant aver 
age pressure differential between the enclosed air volume 
and the atmosphere in a manner to Subject the concave 
side of the diaphragm to the greater pressure, whereby 
said diaphragm will be constantly distended in its normal 
concavo-convex shape. 

2. A loudspeaker as defined in claim 1, wherein the 
diaphragm is of dome shape having spherical curvature. 
3. A loudspeaker as defined in claim 1, wherein the 

diaphragm has substantially the thickness, weight and 
flexibility of drafting tracing paper. 

4. A loudspeaker as defined in claim 1, wherein the 
diaphragm is made of drafting tracing paper. w 

5. A loudspeaker as defined in claim l, wherein the 
means to maintain the pressure differential is a pump ar 
ranged to pump air between the enclosed air Volume and 
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the atmosphere from the convex side of the diaphragm to 
the concave side thereof; and wherein means is added to 
create a pressure leakage between the opposite sides of 
the diaphragm in a direction opposite to the pumping 
flowage. 

6. A loudspeaker as defined in claim 5, wherein means 
is provided to control the puinping means in a manner 
to Stop the pumped flow of air when the diaphragm 
reaches the design mid-position of its vibrational excur 
sions. 

7. A loudspeaker as defined in claim 6, wherein the 
pressure leakage means is controllable; and wherein 
means is added to open the leakage means when the dia 
phragm moves beyond its design vibrational mid-position. 

8. A loudspeaker comprising: structural means enclos 
ing an air volume; a Substantially tensionally inelastic 
sound-reproducing diaphragm resiliently mounted margin 
ally with one side radiating into the enclosed air volume 
and with its opposite side radiating into the outside at 
mosphere; transducer means directly connected by ten 
Sionally inelastic means to said diagram to drive the same 
in excursions from the design mid-position of its sound 
vibrations; and means to maintain a pressure differential 
between the enclosed air volume and the atmosphere in 
a manner to place the diaphragm under continual tension 
in one direction only. 

9. A loudspeaker as defined in claim 8, wherein means 
responsive to axial displacement of the diaphragm is 
added to change the pressure differential whenever the 
diaphragm is moved by air pressure beyond the design 
mid-position of its vibrational excursions. 

10. A loudspeaker comprising: structural means en 
closing an air volume; a sound reproducing diaphragm 
mounted with one side radiating into the enclosed air vol 
lime and with its opposite side radiating into the outside 
atmosphere; transducer means to drive the diaphragm in 
excursions between the limits of its sound vibrations and 
including a magnetic structure and a voice coil arranged 
in design centered relation to the magnetic field thereof; 
a reciprocating red arranged concentric with said voice 
coil; resilient means supporting the voice coil in its design 
centered position; resilient means supporting the dia 
phragm normally in the design vibrational mid-position; 
means rigidly connecting the diaphragm to the said rod 
and voice coil; and means to maintain a pressure differen 
tial between the enclosed air volume and the atmosphere 
in a manner to place the diaphragm under continual ten 
sion in one direction only. m 

11. A loudspeaker as defined in claim 10, wherein the 
diaphragm and rod are connected by flexible members; 
and wherein spring means is added to exert lengthwise 
pull on the rod in a direction away from the diaphragm 
to increase the tension on the connecting members to the 
degree of rigidity. 

12. A loudspeaker as defined in claim 8, wherein there 
is added spring means to resist pressure influenced axial 
displacement of the diaphragm. 

13. A loudspeaker as defined in claim 12, wherein the 
Spring means is in the form of a positive stiffness negat 
ing device including a rod mounted to reciprocate in con 
centric relation to the diaphragm, means connecting the 
rod to the diaphragm for substantially rigid movement in 
Synchronism therewith, and spring-loaded toggle means 
exerting axial components of force on said rod in the 
direction of vibrational movement of the diaphragm. 

14. A loudspeaker as defined in claim 13, wherein the 
toggle means includes struts that are inclined constantly 
in one direction to resist air pressure on the diaphragm 
in the opposite direction. 

15. A loudspeaker comprising: structural means en 
closing an air volume; a sound reproducing diaphragm 
mounted with one side radiating into the enclosed air 
Volume and with its opposite side radiating into the out 
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10 
side atmosphere; transducer means to drive the diaphragmi 
in excursions from the design mid-position of its sound 
vibrations; means to pump air between the enclosed air 
volume and the atmosphere from one side of the dia 
phragm to the other in a manner to place said diaphragm 
under continual tension in one direction only; the said 
structural means having a vent between the enclosed air 
volume and the atmosphere; valve means controlling 
said vent; and means responsive to air pressure changes 
only to open the valve means of the vent whenever the 
diaphragm is displaced to a predetermined degree by said 
pressure changes in the direction in which tension is 
exerted. 

16. A loudspeaker as defined in claim 15, wherein the 
volumetric air displacement by said pumping means and 
the controlled size of the valve orifice of the vent valve 
are such that the rate of air evacuation and of inflow will 
become equal when the valve is opened to a predeter 
mined degree; and wherein when this flow condition has 
been attained the diaphragm will be in its design vibra 
tional mid-position. 

17. A loudspeaker as defined in claim 16, wherein the 
said predetermined degree of diaphragm displacement 
will move the diaphragm into coincidence with its design 
vibrational mid-position. 

18. A loudspeaker as defined in claim 17, wherein 
there is added: spring means to resist pressure-influenced 
axial displacement of the diaphragm beyond its said de 
sign vibrational mid-position. 

19. A loudspeaker as defined in claim 18, wherein 
there is added: a positive stiffness negating device includ 
ing a rod mounted to reciprocate in concentric relation 
to the diaphragm; means connecting the rod to the dia 
phragm for substantially rigid movement in synchronism 
therewith; and toggle means including plural struts having 
their inner ends pivotally engaged with said rod and being 
arranged precisely radial to the latter in dead-center con 
dition when the diaphragm is at the mid-position of its 
vibrational excursions, and spring-loading means applied 
to the outer ends of the toggle struts in a manner to exert 
force thereto in a direction radial to the rod axis, where 
by axial components of force will be exerted upon said 
rod when the diaphragm is vibrationally displaced in 
either direction under the influence of the transducer 
eaS 

20. A loudspeaker as defined in claim 19, wherein there 
is added: spring means operating the vent valve upon 
said rod; and a block-like member of considerable mass 
affixed to said vent valve, whereby the inertia of said 
member and the resilience of said spring means will pre 
vent said valve from responding to transducer-influenced 
vibrational movements of the diaphragm. 

21. A loudspeaker comprising: structural means en 
closing an air volume; plural substantially tensionally in 
elastic concavo-convex sound reproducing diaphragms 
resiliently mounted marginally for axial vibration as 
cooperative units with one side of each radiating into 
the enclosed air volume and the opposite side radiating 
into the outside atmosphere; transducer means directly 
connected by substantially tensionally inelastic means to 
each diaphragm to drive the same in excursions from the 
design mid-position of its sound vibrations; and means to 
maintain a constant average pressure differential between 
the enclosed air volume and the atmosphere in a manner 
to Subject the concave side of each diaphragm to the 
greater pressure, whereby the said diaphragms will be 
constantly distended in their normal concavo-convex 
shapes. 
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